We read with interest the recent article by Engels et al. (1) in which the authors performed a retrospective birthcohort analysis in Denmark following exposure to poliovirus vaccine contaminated with simian virus 40 (SV40) to clarify whether SV40 infection increases risk of mesothelioma, choroid plexus tumors, and non-Hodgkin's lymphoma, or of cancers arising in children. The authors concluded that "exposure to SV40-contaminated poliovirus vaccine in Denmark was not associated with increased cancer incidence."
It is important to point out that several limitations have been recognized for this and similar epidemiologic studies addressing exposure to SV40-contaminated poliovirus vaccines and the incidence of human cancers (Table  1 ) (2) (3) (4) . Indeed, an evaluation by the Institute of Medicine Immunization and Safety Review Committee found that the epidemiologic data used in birthcohort studies to examine cancer rates in individuals potentially exposed to SV40-contaminated vaccines are inadequate to evaluate a causal relationship (2) . The validity of observational studies, such as the retrospective analyses by Engels et al. (1) , depends on the accuracy of the existing knowledge of the biologic properties of SV40 and the identification of the human population infected with the virus (2, 4, 5) . Therefore, supportive evidence from experimental studies is required to draw causal inferences in human disease (4, 6 A known confounding factor in the observational study by Engels et al. (1) is that the actual number of people infected with live SV40 through the use of contaminated poliovirus vaccines in Denmark or other countries is not known (2) (3) (4) . It is also recognized that not all vaccine lots were contaminated with SV40, that formalin inactivation may have reduced the titer of live SV40 in the vaccine lots that were contaminated, and that successful infection rates by live SV40 are unknown (2) (3) (4) . For example, only 19% of newborn children and 15% of infants aged 3-6 months at the time of receiving a known contaminated oral poliovirus vaccine excreted infectious SV40 in their stools for up to 5 weeks after vaccination (4), indicating an established infection. Therefore, an inability to identify the population actually infected with SV40 in Denmark through the use of contaminated poliovirus vaccines precludes a meaningful calculation of cancer incidence in relation to exposure to those vaccines. Furthermore, there is ample evidence that some individuals acquire SV40 infection from sources other than poliovirus vaccines (2, 5) , indicating that the individuals in the unexposed group identified by Engels et al.
(1) may also have been infected with SV40. These shortcomings led the Institute of Medicine committee to recommend that no additional epidemiologic studies of individuals potentially exposed to contaminated poliovirus vaccine be initiated (2) . Hence, future studies need to focus on how SV40 is transmitted in humans today, how it is distributed throughout the infected host, how the virus interacts with different tissues, and how the host responds immunologically to this infection. (2) . That report noted that there were several limitations to previous U.S.-based retrospective cohort studies, most importantly that not all U.S. poliovirus vaccines between 1955 and 1962 contained live simian virus 40 (SV40) and that the extent of use of SV40-contaminated poliovirus vaccine in the United States was poorly documented.
Our retrospective cohort study in Denmark overcomes these limitations. As previously described (2), by April 1962, 84%-100% of Danish children had received at least one dose of poliovirus vaccine. In addition, SV40 contamination of poliovirus vaccine was much more frequent in Denmark than it was in the United States because Danish vaccines were manufactured in monolayer cultures that pooled kidney tissue from dozens of monkeys. We also described (2) frequent SV40 seroconversions following receipt of the Danish vaccine, further illustrating widespread contamination. We concluded that, by 1962, almost all Danish children had received one or more inoculations with poliovirus vaccine containing live SV40.
Why then, did these SV40-exposed children (i.e., born 1946-1961) have similar cancer incidence to children born later (i.e., born 1964-1970) who did not receive SV40-contaminated vaccine? The argument by Vilchez et al. on this matter is vague. They suggest that successful infection rates by live SV40 are unknown. This statement is true; however, in the absence of data on whether SV40 can be acquired by other routes, we suggest that direct injection of live SV40 early in life would be the most likely route and time course that could lead to SV40 infection.
In addition, Vilchez et al. comment that there is ample evidence that some individuals acquire SV40 infection from sources other than poliovirus vaccines. In fact, the data on this issue are somewhat contradictory, as reviewed by the IOM (1). Specifically, whereas some laboratories have reported detection of SV40 DNA in tumors from individuals too young to have received SV40-contaminated vaccines, other laboratories have not detected SV40 in any human tumors. SV40 antibodies found in asymptomatic individuals may represent cross-reactive antibodies to the human polyomaviruses BK and JC. Indeed, recognizing these issues, the IOM highlighted the need for the development and use of sensitive and specific standardized techniques for SV40 DNA detection, including masking of specimens, use of positive and negative control tissues, and replicate testing, and the development of sensitive and specific serologic tests.
Given the limitations of laboratory studies of SV40 in humans (1), the possibility that SV40 infection can be acquired by routes other than through SV40-contaminated vaccinations remains uncertain. Nevertheless, as we argue (2), if any SV40 infections occurred in Denmark after 1962, they would likely have been less frequent, have occurred at older ages, and have arisen from smaller inocula of virus than infections transmitted by SV40-contaminated vaccination. Vilchez et al. further suggest that changes in cancer registration, coding, or diagnosis could have obscured an effect of SV40 on cancer risk. However, as we note in our study (2) , such an effect would likely be small and would not hide a large effect of SV40, if one were present. Therefore, our comparison of vaccine-exposed and unexposed individuals remains informative. The similar cancer incidence among these groups argues against a role for SV40 in human cancer.
Vilchez et al. also cite their own recently published study (3) to argue that, contrary to our results, SV40 infection is associated with increased cancer risk. Although they characterize this work as a case-control study and imply that it includes new data on 1793 cancer patients, their article is actually a metaanalysis of previously published laboratory studies on the detection of SV40 in human tumors. As reviewed elsewhere (1,4) , many of these individual laboratory studies have important limitations, including an absence of appropriate negative control tissues and masking of specimens. Substantial variability among the results of these various studies is apparent. It is also surprising that Vilchez et al. did not comment on the fact that in the only multi-laboratory study that evaluated mesothelioma tumors under masked conditions, SV40 was not reproducibly detected in any specimen (5) . Because the sensitivity, specificity, and reproducibility of molecular methods for detecting SV40 infection in human tumors remain uncertain, we concur with the IOM's recommendations (1) that urge the improvement and standardization of laboratory methods. 
